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The Cytotoxic Effects of Essential Oils on Estrogen Receptor
Positive MCF-7 Breast Cancer Cell Line
Desalyn Louise Johnson
Department of Biological Sciences
Abstract – The estrogen receptor positive MCF-7
breast cancer cell line was exposed to 11 essential oils
that were extracted from various plants. MTT assays
were executed to determine the percentage of killed
cells after essential oil exposure. Three oils possessed
cytotoxic activity; they originated from the species
Helichrysum
italicum
(HEITEO),
Juniperus
communis (JUCOEO), and Picea mariana
(PIMAEO). The acronyms are derived from the first
two letters of the genus and species name, followed by
"EO". HEITEO, JUCOEO, and PIMAEO produced
percent kill values of 99.1%, 99.4% and 98.9%
respectively
at
concentrations
of
0.01
micrograms/microliter. An LC50 value was obtained
for Picea mariana (PIMAEO) with a percent kill of
48.6%
at
a
concentration
of
0.000313
micrograms/microliter.

cells, and the use of antiestrogens and aromatase
inhibitors to decrease cancerous cell growth [2].
MTT Assay
The MTT [3-(4,5-dimethylthiazol-2-yl)-2,5diphenyl-2H-tetrazolium bromide] assay is a
colorimetric tool used to quantify the amount of living
cells within a sample. Viable cells retain a functional
mitochondrial oxidoreductase enzyme. These
enzymes reduce the yellow MTT salt solution into
purple formazan crystals, while at the same time
oxidizing NADH into NAD+ (Figure 1). The light
absorbance can be measured by a spectrophotometer
at 540 nanometers. A higher absorbance correlates to
a higher amount of cell viability [3].

I. Introduction
Since ancient times, plants and herbs have
played a large role in curing and treating various
ailments. Breast cancer is not exempt from the benefits
of plant-based treatment. By understanding the cancer
cells’ reactions to various essential oils – hydrophobic
liquids extracted from plants through evaporation,
distillation, and fractionation – new cancer treatments
can be discovered. There are various forms of breast
cancer that grow and function in different ways. To
narrow the focus and widen understanding, this study
was confined to a specific breast cancer line: MCF-7.
Several essential oils were examined to determine
their cytotoxic capability. The essential oils of interest
originated from the species Picea mariana,
Helichrysum italicium and Juniperus communis
MCF-7 Cell Line
The MCF-7 cells originate from a metastatic
estrogen receptor positive human breast carcinoma.
The cell line is dependent on estrogen to proliferate
and function. The hormone activates growth and
protein production within cancerous cells [1]. Since its
development in 1970, the MCF-7 cell line has been a
valuable tool in breast cancer research. The line has
had an active part in several research initiatives,
including the creation of estrogen receptor antibodies,
the study of hormone resistance in breast carcinoma
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Figure 1. MTT reduced to formazan.
Plant Species of Interest
Picea mariana
Picea mariana, commonly known as black
spruce, is a coniferous plant native to North America
[5]. In recent studies, Picea mariana bark has been
shown to contain high concentrations of biologically
active polyphenols such as flavanoids and stilbenes.
Flavanoids such as taxifolin and mearnsetin give the
species its intrinsic antioxidant and anti-inflammatory
properties. The stilbenes trans-resveratrol and
astringin give the plant its antimicrobial properties.
Hot water extraction techniques have recently been
used to improve the bark extraction process [6].
Helichrysum italicium
Helichrysum italicium is a woody plant from
the family Asteracea and is native to the
Mediterranean. It has high concentrations of flavanoid
and terpene compounds that give the species an antiinflammatory and therapeutic effect. The plant extract
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has been successful in treating skin inflammation
disorders and respiratory allergies [7].
Juniperus communis
Juniperus communis is a coniferous plant
native to the Northern Hemisphere. It is commercially
used as a constituent of spices and beverages within
the food industry. The essential oil has been utilized to
treat respiratory issues and has been known to exhibit
antioxidant and anti-inflammatory properties. In a
2017 study, the essential oil of a plant belonging to the
Juniperus genus exhibited cytotoxic activity against
the lung cancer cell line A549 [8].
II. Materials and Methods
Thawing Cells
The MCF-7 cells were removed from liquid
nitrogen preservation and placed in a water bath (37
o
C) to thaw for approximately one minute. The vial
was not completely submerged in the water to avoid
contamination. Cells were removed from the vial and
placed into a centrifuge tube.
Ten mL of 37 oC RPMI 1640 media
supplemented with penicillin-streptomycin and 10%
fetal bovine serum were added to the tube. The
suspension was centrifuged for 2-3 minutes and the
supernatant was aseptically suctioned from the tube.
The cells were then carefully resuspended into the
supplemented RPMI 1640 media. The cell suspension
was gently pipetted evenly into two separate T-25 cm2
flasks. Flasks were placed into a 5% CO2 humidified
incubator at 37 oC.
Cell Culture
The cells were cultured in growth media
consisting of RPMI 1640 media supplemented with
100,000 units of penicillin and 10.0 mg streptomycin
per liter of medium, 10 % fetal bovine serum, 15 mM
of HEPES, and buffered with 26.7 mM NaHCO3 to pH
7.35. The cells were grown at 37°C in a 5% CO2
humidified incubator. The media was replaced every
two days and cells were passaged on a weekly basis.

Figure 2. MCF-7 cells in culture.
Replacing Cell Media
Flasks were removed from incubator. Media
was aspirated off with a sterilized canula. Growth
media (5mL) was aseptically added to each flask.
After loosening caps to allow for gas exchange, flasks
were returned to 5% CO2 humidified incubator.
Subculturing Cells
A trypsin-Hanks Balanced Salt Solution
(HBSS) mixture was made in a 1:10 ratio (1ml of
trypsin to 9mL HBSS). The media was sterilely
removed from flasks and 5 mL of HBSS were added
to each flask to wash out remaining serum, which
contains a trypsin inhibitor. The flasks were then
gently rocked, and the HBSS was removed. TrypsinHanks solution (5mL) was added to each flask. After
one minute, approximately 4 mL of the solution
aspirated. Flasks were returned to the incubator for 2
minutes in order to increase the proteolytic effects of
trypsin. Flask were retrieved and growth media (5mL)
was added to each flask. The cell solution from each
flask was placed into a single tube. The mixture was
centrifuged for approximately 3 minutes. The
supernatant was removed, and the cells were
resuspended in fresh RPMI 1640 growth media.
Trypan Blue (0.3 mL), NaCl (0.6mL) and cell
suspension (0.1mL) were mixed together; the solution
was then placed in hemocytometer chambers for
counting. The viable cells (free of blue stain) were
counted. The cells were then plated at a seeding
density of 1.75 x 105 cells per T-25 flask, while the 96well plates were seeded at a density of 1.2 x 104 cells
per well.
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Serial Dilution
For preliminary testing of essential oils, a
concentration of 0.01% w/v was used. However, dose
response assessments were performed for those
essential oils that exhibited cytotoxic capabilities
(percent kills above 75% with a standard deviation
below 10). Prior to the MTT assay, a two-fold serial
dilution was performed to obtain the varying
concentrations of essential oil. Media (1980 μL) and
pure essential oil (20 μL) were placed in a tube to
produce a 0.01% concentration. The 0.01% solution
(1000μL) and media (1000μL) were added to the same
tube to produce a 0.005% concentration. This process
continued for preparation of concentrations of
0.0025%, 0.00125 %, 0.000625 % and 0.000313%.
For each essential oil, the various concentrations were
added to quadruplicate wells.
Cytotoxicity Screening
After adding the essential oils to the plate, the
cells were incubated for 48 hours. An MTT assay was
performed after the incubation to determine and
quantify the cytotoxic effect of the essential oils. To
prepare the MTT solution, 0.05 g of MTT was
dissolved in 10 mL of 10 mM phosphate buffered
saline (PBS) solution, pH 7.4. This stock solution was
sterile filtered with a syringe, wrapped in foil to protect
it from light, and stored in a refrigerator if needed for
later use. An MTT-media solution (1:10 ratio) was
prepared. MTT (1.2mL) and media (10.8 mL) were
pipetted into a tube and vortexed. Media was aspirated
from the 96-well plate and 100μL of the MTT-media
solution was micro-pipetted into each well. The plate
was then placed into a 96-well plate reader at 540 nm
to obtain a pre-incubation reading. The 96-well plate
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was then returned to the incubator. After 3-4 hours, the
media was then carefully suctioned from each well as
not to disturb formazan crystals. PBS (100μL) was
added to each well to dissolve the formazan crystals.
The plate was returned to the incubator for 5-10
minutes and then vortexed at the lowest speed for
approximately 2 minutes. The plate was again placed
into the 96-well plate reader at 540 nm to obtain the
post-incubation reading. The percent kill, percent
viable, and the standard deviation of the percent kill
were calculated by the computer program. Prereadings were subtracted from post-readings for each
well and then averages for the sets of quadruplicates
were calculated. The average absorbance for each set
of wells was divided by the average absorbance for the
DMSO control wells to determine the percent of viable
cells. The percent kill is then equal to 100% minus
percent viability.

Figure 3. Dissolved formazan crystals.
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III. Results
Table 1: Initial Cytotoxicity Screening
Extract/Compound

Average
A (540 nm)

Std. Dev. of
A (540 nm)

% Viable

% Kill

Std. Dev. of
% Kill

Medium
0.252
0.067
DMSO
0.119
0.029
47.0
53.0
Tingenone
-0.114
0.020
SASCEO 0.01%
A3-D3
0.013
0.026
54.7
45.3
11.36
HEITEO 0.01%
A4-D4
-0.077
0.005
16.0
84.0
2.08
JUCOEO 0.01%
A5-D5
-0.064
0.008
21.2
78.8
3.56
COMYEO 0.01%
A6-D6
-0.008
0.057
45.7
54.3
24.39
CIBEEO 0.01%
A7-D7
0.146
0.034
112.
-12.0
14.78
PECREO 0.01%
A8-D8
0.128
0.019
103.9
-3.9
8.37
ALVIEO 0.01%
A9-D9
0.137
0.024
107.9
-7.9
10.37
PIMAEO 0.01%
A10-D10
-0.078
0.004
15.6
84.4
1.84
PEGREO 0.01%
A11-D11
0.074
0.035
81.0
19.0
15.11
PECRCEO 0.01%
A12-D12
0.270
0.051
165.3
-65.3
21.85
SAOFEO 0.01%
E3-H3
0.103
0.019
93.3
6.7
8.23
Media
E4-H4
0.224
0.019
145.4
-45.4
8.18
Media
E5-H5
0.343
0.165
196.4
-96.4
71.02
Media
E6-H6
0.233
0.060
149.3
-49.3
25.90
Media
E7-H7
0.271
0.204
165.6
-65.6
87.65
Media
E8-H8
0.273
0.078
166.4
-66.4
33.36
Media
E9-H9
0.263
0.042
162.2
-62.2
18.11
Media
E10-H10
0.242
0.046
152.9
-52.9
19.91
Media
E11-H11
0.224
0.059
145.2
-45.2
25.44
Media
E12-H12
0.591
0.098
303.5
-203.5
42.28
Table 1 displays the percent kill, percent viable and standard deviation of the percent kill for several essential oils.
Those oils with percent kills above 75% and standard deviations below 10 were chosen for LC50 determination.
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Table 2: LC50 Determination
Extract/Compound

Average
A (540 nm)

Std. Dev. of
A (540 nm)

HEITEO (0.01)
HEITEO (0.005)
HEITEO (0.0025)
HEITEO (0.00125)
HEITEO (0.000625)
HEITEO (0.000313)
JUCOEO (0.01)

Medium
DMSO
Tingenone
A3-D3
A4-D4
A5-D5
A6-D6
A7-D7
A8-D8
A9-D9

0.636
0.625
-0.086
-0.079
0.082
0.000
0.076
0.191
0.160
-0.081

0.129
0.108
0.045
0.014
0.027
0.021
0.039
0.031
0.069
0.022

JUCOEO (0.005)

A10-D10

0.167

JUCOEO (0.0025)

A11-D11

JUCOEO (0.00125)
JUCOEO (0.000625)

% Viable

% Kill

Std. Dev. of
% Kill

98.2

1.8

1.0
23.6
12.0
22.7
39.0
34.6
0.6

99.1
76.4
88.0
77.3
61.0
65.4
99.4

2.04
3.78
2.94
5.46
4.35
9.78
3.07

0.067

35.6

64.5

9.45

0.198

0.036

39.9

60.1

5.03

A12-D12

0.417

0.131

70.8

29.2

18.49

E3-H3

0.164

0.123

35.1

64.9

17.28

JUCOEO (0.000313)

E4-H4

0.038

0.045

17.5

82.6

6.33

PIMAEO (0.01)

E5-H5

-0.078

0.016

1.1

98.9

2.24

PIMAEO (0.005)

E6-H6

0.169

0.037

35.8

64.2

5.19

PIMAEO (0.0025)
PIMAEO (0.00125)
PIMAEO (0.000625)
PIMAEO (0.000313)
Media

E7-H7
E8-H8
E9-H9
E10-H10
E11-H11

0.058
0.070
0.170
0.280
0.376

0.046
0.037
0.095
0.056
0.040

20.2
21.9
35.9
51.4
65.0

79.8
78.1
64.1
48.6
35.0

6.44
5.25
13.43
7.84
5.68

Media

E12-H12

0.436

0.084

73.5

26.5

11.78

The LC50 value for Picea mariana was 0.000313 %. HEITEO produced a percent kill of 61% at a concentration of
0.000625%. JUCOEO produced a percent kill of 60.1% at a concentration of 0.0025%.
IV. Discussion
Eleven essential oil fractions were tested
against the MCF-7 breast cancer cell line. The results
reveal that from the original eleven, only three
essential oils exhibited cytotoxic capabilities. The
cytotoxic effect was determined qualitatively and
quantitatively. By comparing the appearance of the
essential oil wells in the 96-well plate to the positive
control (tingenone) and the negative controls (DMSO
and media), the general cytotoxic ability of the oil can
be speculated. For example, those wells with colorless
media, similar to the well containing tingenone, can be
inferred to be cytotoxic. However, to execute a
quantitative analysis of cytotoxicity, the percent kill
values for each essential oil were analyzed. For the
initial reading, the three essential oils (HEITEO,
JUCOEO, PIMAEO) at concentrations of 0.01% had
percent kill values of 84.0%, 78.8 % and 84.4%
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respectively. Essential oils SASCEO and COMYEO
had positive percent kill values of 45.3% and 54.3%
respectively. However, these values were not large
enough to warrant LC50 analysis.
Serial dilutions were performed to execute a
dose response assessment and determine an LC50
(Lethal Concentration50) value, which is the
concentration at which 50% of the cells are killed
(Table 2). The LC50 of the essential oil reveals the
potency of the oil and the concentration of the oil
needed to produce a substantial effect. The LC50 value
of PIMAEO was 0.000313 micrograms/microliter
with a percent kill of 48.6%. LC50 values were not
found for HEITEO and JUCOEO, however HEITEO
produced a 61.0% kill at a concentration of 0.000625
micrograms/microliter and JUCOEO produced a
60.1% kill at a concentration of 0.0025
micrograms/microliter. The lack of a LC50 value could
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point to the potency of the two essential oils. However,
there is inconsistency within the data. HEITEO had a
higher percent kill as the concentration decreased from
0.000625 to 0.000313. This could be due to improper
serial dilution technique or insufficient mixing of
essential oil and media. One can infer however, that
the actual LC50 value is lower than 0.000625
micrograms/microliter. JUCOEO produced a 60.1%
and 29.2% kill at 0.0025 micrograms/microliter and
0.00125 micrograms/microliter respectively. It can be
inferred that the actual LC50 is between these two
concentrations.
For the cytotoxicity testing, JUCOEO had the
highest percent kill, which supports the notion that it
is the most cytotoxic. However, in the initial screening
JUCOEO had the lowest percent kill among the three
essential oils. Multiple MTT assays should be done in
the future to confirm which oil is the most effective in
killing cells.
The essential oils HEITEO, PIMAEO, and
JUCOEO produced a cytotoxic effect on the MCF-7
cells. These three essential oils could be further
fractionated into specific polyphenols components that
could then be tested against the cells. This would
determine the specific constituents in the oils that
possess the cytotoxic effect. Also, it would be
advantageous to test the oils against other breast

cancer cell lines such as MDA-MB-231 and Hs578T.
Another aspect that could be examined in future
studies is the genotoxic effect that the essential oils
have on the cell. This could be accomplished by
analyzing the DNA of the cells after exposure to
essential oils. DNA fragmentation could be observed
by gel electrophoresis.
V. Acknowledgements
I would like to extend my gratitude to Dr.
Debra M. Moriarty for her guidance, kindness and
patience during this research experience and allowing
me to learn and grow in her lab. I want to thank Ms.
Marcie Campbell for her constant encouragement,
kind words and positivity. I give thanks to my mentor
Dr. Emanuel Waddell for encouraging me to apply to
the RCEU (Research and Creative Experience for
Undergraduates) Program. Thank you to my parents,
Robert and Pearl Johnson, for their wisdom, love and
support. They have always instilled within me the
importance of hard work and perseverance. I dedicate
this research and thesis to my beautiful Aunt Helen,
who passed away from breast cancer in April 2015.
Finally, I would like to thank God. Everything I have
accomplished is because of His grace, strength and
unfailing love.

22

Perpetua Volume 3, Issue 1
References
1. Kida N, Yoshimura T, Takahashi H, Nagao S, Nozawa Y, Furukawa Y, Mori K, Hayashi K.
Estrogen-inducible pS2 protein is not the key regulatory component in the proliferation of
human breast cancer cells (MCF-7). European Journal of Biochemistry. 1993;215(3):671676.
2. Lee A, Oesterreich S, Davidson N. MCF-7 Cells--Changing the Course of Breast Cancer
Research and Care for 45 Years. JNCI Journal of the National Cancer Institute.
2015;107(7):djv073-djv073.
3. Bahuguna A, Khan I, Bajpai V, Kang S. MTT assay to evaluate the cytotoxic potential of a
drug. Bangladesh Journal of Pharmacology. 2017;12(2):8.
4. Figure 1: Structures of MTT and colored formazan product.; [accessed 2018 Apr 14].
https://www.ncbi.nlm.nih.gov/books/NBK144065/figure/mttassays.F1/
5. Power H, LeMay V, Berninger F, Sattler D, Kneeshaw D. Differences in crown characteristics
between black (Picea mariana) and white spruce (Picea glauca). Canadian Journal of
Forest Research. 2012;42(9):1733-1743.
6. Francezon N, Romaric Meda N, Stevanovic 1 T. Optimization of Bioactive Polyphenols
Extraction from Picea Mariana Bark. Molecules. 2017;22(12):2118.
7. Sala A, Recio M, Giner R, Máñez S, Tournier H, Schinella G, Ríos J. Anti-inflammatory and
antioxidant properties of Helichrysum italicum. Journal of Pharmacy and Pharmacology.
2002;54(3):365-371.
8. Vasilijević B, Knežević-Vukčević J, Mitić-Ćulafić D, Orčić D, Francišković M, Srdic-Rajic T,
Jovanović M, Nikolić B. Chemical characterization, antioxidant, genotoxic and in vitro
cytotoxic activity assessment of Juniperus communis var. saxatilis. Food and Chemical
Toxicology. 2018;112:118-125.

23

